Lumbar discography is frequently used as a diagnostic tool for patients with low back pain. The aim is to correlate morphology with symptom reproduction. Therefore, both the morphology and symptom reproduction are inextricably linked. Morphology itself can be assessed by means of fluoroscopy or computed tomography (CT) imaging. Although there has been a consensus for interpreting CT discograms using the Dallas discogram grading system [13] , in the case of plain discography, significant diversity exists despite its common use.
Introduction
Lumbar discography is frequently used as a diagnostic tool for patients with low back pain. The aim is to correlate morphology with symptom reproduction. Therefore, both the morphology and symptom reproduction are inextricably linked. Morphology itself can be assessed by means of fluoroscopy or computed tomography (CT) imaging. Although there has been a consensus for interpreting CT discograms using the Dallas discogram grading system [13] , in the case of plain discography, significant diversity exists despite its common use.
In an attempt to grade disc degeneration with plain discography, various classifications have been derived [5, 8, 12, 15, 17] . As yet, none of these have been tested for their reliability. Adams et al. introduced a classification system in 1986 that is now widely used [1] . Based on a cadaveric study, characteristic shapes observed on discography were seen to depend on the initial distribution of the injected fluid into pools. The location of these pools was determined by the degree of fibrosis in the nucleus and the presence of fissures in the annulus. The discogram grades were said to represent different stages in disc degeneration and to provide an indication of the natural history (Fig. 1 ). In the original paper, Adams et al. reported 87% reproduction of their results when repeated 6 months later. However, no specific statistical methods or detailed study design were mentioned. Since then, no further attempts have been made to assess the reliability of this classification. The aim of this study is to apply the Adams classification for discogram morphology in the clinical setting and to assess the inter-and intra-observer agreement.
Abstract The Adams classification for discogram morphology is based on a cadaveric study. It provides the basis for several subsequent classifications proposed in the literature. However, little or no attention has been paid to its reproducibility in the clinical setting. The authors assessed the reliability of this classification using three independent observers of differing experience. One hundred and thirty-three discograms belonging to 71 patients with chronic low back pain were reviewed in a randomised and blinded manner. The morphological appearance at each discogram level was assessed and assigned a type according to the Adams classification. The exercise was repeated 3 weeks later. Respective inter-and intra-observer agreements were calculated in the standard fashion using the kappa statistic. Both inter-and intra-observer agreements were excellent (kappa= 0.77-0.85). The Adams grading system for discogram morphology is consistently reproducible amongst observers with differing levels of experience. It can be safely recommended in the clinical setting as a reliable classification.
The Adams classification for cadaveric discograms: inter-and intra-observer error in the clinical setting
Materials and methods
The records of patients referred to a tertiary spinal unit under the care of the senior author were reviewed. From May 1995 to October 1997, 72 consecutive patients with chronic low back pain being considered for spinal fusion underwent discographic evaluation as part of their pre-operative assessment. The mean age was 41 years (range 23-69 years), with a mean duration of pain of 5.5 years (range 1-20 years). None of these patients had undergone previous spinal surgery. The levels to be investigated were decided according to clinical suspicion and magnetic resonance imaging (MRI) findings. Where possible, at least one normal level above or below the degenerative disc was injected to act as a control. Attempts were made to cannulate 174 discs, with failed entries occurring in 18 discs. Of the 156 successful levels, 19 were excluded from the analysis due to incomplete discogram films and another 4 due to annular injection of contrast. The final analysis included 133 disc levels (71 patients: 49 men and 22 women). By level, there were six at L2/3, 30 at L3/4, 58 at L4/5 and 39 at L5/S1.
Technique
After a single dose of intravenous antibiotic, the patient was positioned prone on the fluoroscopic table. Under local anaesthesia and using the double-needle technique through a posterolateral extrapedicular approach [9] , the disc nucleus was entered and the needle position confirmed on anteroposterior and lateral fluoroscopy.
A non-ionic contrast material (Omnipaque, Nycomed UK, Ltd) was injected and the active and static filling patterns were observed on live fluoroscopy. The procedure was terminated at each disc level either when severe pain was experienced by the patient, a firm end point was reached or a maximum volume of 5 ml of contrast had been injected, usually associated with extravasation of contrast obvious on fluoroscopy. Anteroposterior and lateral discograms so produced were classified according to Adams' grading system. For the purpose of this study, grades 1, 2 and 3 were classified as normal and grades 4 and 5 were classified as abnormal.
Three surgeon-observers of differing levels of experience (A: Senior Fellow, B: Senior Resident, C: Junior Resident) were selected to review the 133 discograms. Each observer was provided with descriptions and illustrations of the Adams grading system [1] , to study and memorise before putting it to use. All three observers were blinded to the clinical history and any subsequent investigation including that of discography. Each level was classified during a single session and independently of the other observers. With the discograms randomly re-ordered and re-numbered, the exercise was repeated for all three observers 3 weeks later. None of the observers had access to the first set of ratings.
Statistical analysis
The kappa statistic, which may be interpreted as the chance-corrected proportional agreement, was chosen to assess agreement for categorical data [2] . For the overall inter-observer agreements between observers A, B and C, the method described by Fleiss for measuring nominal scale agreement among several raters was used [6] . The inter-observer agreement between all possible pairs of raters (AB, BC, AC) was assessed using the generalised kappa statistic [7] . Similarly, the process was repeated for intra-observer agreement. The unweighted kappa and its corresponding standard error (95% confidence interval) were calculated on all occasions. In general, the unweighted kappa gives lower values than its weighted counterpart [2] . Kappa values greater than 0.75 represent excellent agreement beyond chance, and values between 0.4 and 0.75 represent fair to good agreement [7] . Table 1 shows that the overall inter-observer agreement among the three raters (A-B-C) was excellent, with a kappa value of 0.768. For the paired inter-observer agreement, the highest kappa was found between the two less experienced raters (B-C), whereas the lowest agreement (the only kappa value in the test less than 0.75) was found between the two most experienced raters. This still represents a good level of agreement beyond chance (kappa=0.70). The intra-observer agreements were excellent, with observer B reaching the highest value, whilst observers A and C showed equal reproducibility of their results.
Results
Absolute agreement (inter-observer as well as intraobserver) was noted in 82 of the 133 evaluated discs (62%). Six of these were grade 1, six grade 2, ten grade 3, 58 grade 4 and two grade 5. The majority of absolute agreements occurred with the grade 4 discs (58 levels or 71%). Table 2 and Table 3 show the respective occurrence of inter-and intra-observer "disagreements" between various morphological grades. In total, there were 66 disagree-77 Fig. 1 The Adams classification for discogram morphology. Type 1 cottonball: well contained within the nucleus in a uniform density; type 2 lobular: well contained within the nucleus and distributed in two lobes; type 3 irregular: irregular shape and penetration into the inner annulus; type 4 fissured: contrast is reaching the outer annulus (perhaps beyond the edge of the vertebral body) without escaping through it; type 5 ruptured: contrast escapes from the disc entirely ments, the majority of which (49 levels, or 74%) involved the distinction between grades 3 and 4. There were few disagreements between grades 1 and 2.
Discussion
Discography remains a controversial area that has provoked numerous attempts to interpret abnormal disc morphology, pain provocation and the clinical implications. The Adams classification is a simple and easy method for the interpretation of discogram morphology. This study shows that the inter-and intra-observer agreement of the Adams classification, and therefore its reproducibility and reliability, are consistently excellent among raters with different levels of experience.
The kappa value for the paired inter-observer agreements is also excellent, at 0.77. Absolute inter-and intraobserver agreement occurred in 82 levels (62%), with 58 (71%) occurring in grade 4, which is probably the most important morphological grade, because it represents the cardinal lesion that renders a disc painful [4, 11] .
The majority of disagreements involved the distinction between grade 3 and 4 discs, and this occurred on 49 occasions, i.e. 74% of all 66 disagreements ( Table 2, Table 3 ). This is in contrast to the observations made by Adams et al., who reported difficulty in distinguishing between grades 2 and 3 as the most common source of disagreement (9 out of a total of 17 disagreements) [1] . The reasons for this difficulty were not apparent in their paper. It would be difficult for us to compare our differences, because we describe an in vivo study of a highly selected patient population with low back pain referred for discography, compared to Adams' in vitro study of cadaveric spines. During in vivo discography, reduced intradiscal contrast is frequently encountered, because pain reproduction occurs during the early stages of contrast injection leading to the termination of the procedure, and therefore the disc would not be fully expanded. In these cases, we speculate that these 'internally deranged' grade 3 discs conceal an associated posterior annular tear, i.e. a grade 4 disc, which would have been revealed by further CT imaging [14] , and indeed visualised with continued injection of contrast, were it not for the patient's marked pain response leading to the termination of the procedure. Additionally, the posterolateral needle tip position is less certain and can be confused with annular fissuring. These factors may account for some of our difficulty in distinguishing between grades 3 and 4.
The use of CT imaging has appeared as the gold standard in discography. Although its value has been emphasised in several studies [10, 13, 16] , its routine use to evaluate discogram morphology has been questioned. In a prospective study, Antti-Poika et al. investigated the clinical relevance of plain and CT discography [3] . A total of 236 discograms in 97 patients were classified according to the Adams and the Dallas CT discogram classifications. In addition to causing diagnostic errors in 18% of cases, CT following discography provided little additional information on the detailed demonstration of the local anatomy when compared to the Adams classification system. Although we did not undertake a direct comparative evaluation between CT discography and plain discography, the published literature mentioned above and our own study would suggest that the Adams classification offers sufficient pre-operative morphological information. 
Conclusion
We have shown that when the Adams classification of discogram morphology is applied to discography in the clinical setting, the inter-and intra-observer agreement, and therefore the reliability, is excellent. The classification is easy to apply and has a high degree of reproducibility amongst observers of differing levels of clinical experience. We would recommend the use of the Adams classification in the clinical setting as a reliable classification for the study of discogram morphology.
